are several species of Clostridia associated with myonecrosis including, but not limited to, Cl. perfringens, Cl. septicum, Cl. chauvoei and Cl. novyi. [1] The majority of cases have been associated with recent intramuscular injection of commonly used therapeutic agents, [1] although infection can follow trauma. [2] Complications of infection also include haemolytic anaemia. [4] This report describes the presentation of a 9-year-old Thoroughbred gelding for treatment of a clostridial myonecrosis associated with an intramuscular injection of flunixin meglumine. The horse was moderately anaemic because of haemolysis and required a blood transfusion to facilitate surgical debridement of the wound. Further complications of the clostridial infection in this case included hepatopathy, osteopathy of the cervical vertebrae and a transient hypertrophic cardiomyopathy. Direct cardiac complications have not been reported as a sequela to clostridial infection.
Case Report
A 9-year-old Thoroughbred gelding was initially treated by a veterinarian for a suspected large colon impaction 15 days prior to referral. The horse was treated symptomatically by the referring veterinarian with nasogastric administration of mineral oil and electrolytes, and flunixin meglumine (1500 mg IV). The horse continued to show mild persistent abdominal pain and the owners administered flunixin meglumine intramuscularly at approximately 12-h intervals on three occasions (1500 mg, 1000 mg and 1000 mg). At 24 h after the first intramuscular injection, the horse became inappetent, was unable to raise his neck and had a painful focal swelling in the area where the initial intramuscular injection had been administered, prompting re-examination by the attending veterinarian. The signs of abdominal pain had resolved and physical examination confirmed neck pain and swelling and ulceration of the oral mucosa. Additional therapy at that time included phenylbutazone, corticosteroids (dexamethasone 100 mg IV on one occasion) and antibiotics. Procaine penicillin (10,000 U/kg IM every 12 h) was given for 48 h and then replaced with trimethoprim-sulfadimidine (30 mg/kg PO every 12 h). Phenylbutazone was continued at a dose rate of 2.2 mg/kg PO every 12 h. Over the following 10 days the left cervical swelling slowly became more pronounced and painful with crepitus. The gelding was referred when red fluid was seen dripping from the prepuce 15 days after the initial episode of abdominal pain.
On presentation at Murdoch University Veterinary Hospital, the horse weighed 450 kg, was in poor body condition (body condition score 3/9), quiet and febrile (38.8°C). Mucous membranes were pale, tacky and icteric, with a capillary refill time of 3 s. Superficial oral ulceration was noted at this time. Cardiac auscultation revealed tachycardia (80 beats/min), with a normal rhythm and no audible murmur. Respiratory rate and thoracic auscultation during re-breathing examination were within acceptable limits. The left side of the neck was markedly swollen, warm and painful to the touch and crepitus was noted from the base of the left ear to the distal third of the neck. Forelimb digital pulses were moderately increased and the horse constantly shifted weight between forelimbs when standing on firm ground.
Auscultation of the abdomen revealed normal gastrointestinal sounds in all quadrants. Dark red urine was voided during the examination and a free catch sample was submitted for analysis.
Blood was collected into an EDTA anticoagulant and a serum tube for analysis. Initial . Venous blood gas was within normal limits.
Autoagglutination precluded performing a direct Coomb's test.
Urinalysis revealed a normal specific gravity (1.035) and no evidence of casts on cytology.
There was a strong positive reaction for haemoprotein on reagent strip (Bayer N-Multistix® SG Reagent Strips). Haematuria was not evident and it was assumed that both haemoglobin and myoglobin contributed to the positive test result.
Ultrasound of the thoracic and abdominal cavities was within normal limits. The PCV continued to decrease despite treatment and on day 11 was 8%. There was concern the continued anaemia may be related to beta-lactam antibiotic-induced red cell haemolysis, resulting in the replacement of sodium ceftiofur with doxycyline (10 mg/kg PO every 12 h).
The horse remained on metronidazole. Azathioprine was commenced (2 mg/kg PO every 24h) and decreased to 1 mg/kg PO every 24 h after 10 days, and discontinued after 25 days of treatment. The haematocrit rose concurrently with these drug changes and continued management of the underlying clostridial infection.
The horse was discharged from hospital on day 19 to continue treatment with doxycycline and metronidazole, which were discontinued on days 65 and 50, respectively. At the time of discharge (day 19), the heart rate had improved, but remained mildly elevated (44-48 beats/min). The haematocrit was 0.19 L/L and serum cTnI was normal (<0.04 μg/L).
Echocardiographic measurements had also improved (Table 1) . Total bilirubin (91 μmol/L) and globulins (51.9 g/L) were elevated at initial discharge, but had normalised at reexamination on day 37. Echocardiographic examination on day 37 was normal ( has been reported to be low. [10] The horse in this case was not tested at admission because of the spontaneous autoagglutination. A direct immunofluorescence assay with flow cytometry for erythrocyte antibodies was unavailable.
IMHA will typically resolve following removal or treatment of the primary inciting cause.
Blood transfusion is not always necessary, but was justified in this case because of anticipated losses of blood during the surgical debridement that was an important component of successful case management. [1] Corticosteroids have been used in refractory cases of IMHA, [11, 12] but their use in this case was considered inappropriate as they are detrimental to tissue healing [13, 14] and are associated with an increased risk of laminitis. [15] Azathioprine is used to treat both autoimmune and immune-mediated conditions in human and veterinary medicine. Drug bioavailability is lower and elimination faster than in humans, [16] resulting in concern over its efficacy in horses. However, azathioprine has been used to successfully treat a range of immune-mediated disorders in horses. [17] [18] [19] [20] Haematologically, it is difficult to ascribe the immediate improvement in PCV to azathioprine, as clinical response in humans is not immediate. [21] The horse was monitored for bone marrow suppression and hepatotoxicity, two complications of azathioprine therapy. [17] Ceftiofur sodium was concurrently discontinued in the unlikely event it was responsible for ongoing haemolytic anaemia and therefore its discontinuation may have contributed to the resolution of the anaemia. Doxycycline was thought an appropriate replacement because it was reported to have good efficacy against Cl.
perfringens in a murine model. [22] Elevations in total bilirubin, gamma glutamyltransferase and glutamate dehydrogenase at admission support the diagnosis of hepatobiliary injury and dysfunction. Elevations in the concentration of serum bile acids confirm liver dysfunction, which may be attributed to hepatocyte damage, prolonged fasting or blockage of bile flow. [23] In this case, the hepatopathy was not considered of sufficient severity to be the primary cause of haemolysis.
Normalisation in hepatobiliary enzymes occurred with improvement in the myositis and anaemia, indicating hepatopathy was possibly from tissue hypoxia, myocardial damage and the effects of clostridial toxins. Thrombocytopenia at admission may have been caused by chronic, compensated disseminated intravascular coagulation initiated by the neck abscess, immune-mediated thrombocytopenia, local consumption of platelets, EDTA-associated pseudothrombocytopenia or other unidentified causes.
To our knowledge, this is the first report to document primary cardiac changes with clostridial myonecrosis, though a single case of clostridial myonecrosis resulting in septic pericarditis in a horse is reported. [24] Diagnosis of hypertrophic cardiomyopathy was made following several days of unexplained persistent tachycardia, elevation of serum cTnI concentration and echocardiographic findings. Troponin is a 3-unit complex, comprising
TnT, TnC and TnI, and is required for calcium-mediated regulation of cardiac and skeletal muscle contraction. [25] Elevation in the cTnI concentration is a consistent finding with myocardial disease in humans [26, 27] and animals, including horses. [28] Elevations can also occur with renal disease, pulmonary embolism and toxaemia. [27, 29] It is difficult to confirm a diagnosis of myocarditis without more advanced diagnostic evaluation. Definitive diagnosis of myocarditis in humans can be made using endomyocardial biopsy, nuclear imaging and magnetic resonance imaging, [26] but these diagnostic modalities are generally unavailable in large animal medicine. In many cases the inciting cause of the myocardial insult is not determined. Cardiomyopathy in horses has been attributed to viral or bacterial infection or plant and drug toxicoses. [30] Experimentally, exogenous endotoxin will cause an acute rise in the cTnI concentration in normal horses, indicating myocardial injury. [31] It is difficult to determine if clostridial bacteria were the direct cause of the myocardial injury or it resulted from bacterial exotoxins, as has been described with other clostridial infections such as Cl.
sordelli. [32] Immune-mediated myocardial injury is uncommon, though possible in this case.
Echocardiography is a useful tool for identifying myocardial injury. Treatment of myocardial injury and myocarditis in humans is largely supportive, though immunomodulating agents have been used when immune-mediated causes are suspected or confirmed. [26] In this case, the horse was managed through continued supportive therapy and treatment of the primary clostridial infection. Resolution was based on normalisation of repeated echocardiographic examination and cTnI concentration. Given that the origin of the myocardial damage is unknown, it would be speculative to suggest that azathioprine was of significant benefit in this case. Azathioprine has been used as a treatment of myocardial inflammation in humans and thought to be of benefit if the origin is systemic autoimmune disease. [26] This case highlights the severe complications that may occur with the intramuscular injection following treatment for clostridial myositis, demonstrating normal cardiac dimensions.
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IVSd, interventricular septal thickness systole; LVIDd, left ventricular internal diameter diastole; LVPWd, left ventricular posterior wall diastole; IVSs, interventricular septum in systole; LVIDs left ventricular internal diameter systole; LVPWs, left ventricular posterior wall systole; FS, fractional shortening.
